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Abstrak. Penelitian tentang sintesis dan karakterisasi sekam padi nanopori karbon melalui 
iradiasi ultrasonik oleh aktivator H3PO4 sebagai bahan penyimpanan energi elektrokimia telah 
dibuat. Karbon aktif ini adalah bahan dasar dalam pembuatan elektroda yang akan dikembangkan 
menjadi bahan  penyimpanan energi elektrokimia. Karbon nanopori terbuat dari sekam padi, yang 
melewati tiga tahap proses dan metode pengembangan pembuatan karbon aktif sebelumnya. 
Karbonisasi dilakukan pada suhu 350 oC, kemudian tambahkan HF dengan tujuan untuk 
menghilangkan silika dari karbon untuk meningkatkan luas permukaannya, dan aktivasi kimia 
dengan H3PO4. Selanjutnya, karbon yang dimodifikasi melalui iradiasi ultrasonik. Karakterisasi 
permukaan karbon aktif dilakukan  melalui analisis XRD dan XRF, karakterisasi gugus fungsi 
oleh FTIR, penentuan luas permukaan dengan metode metilen biru, serta pengukuran kapasitansi 
spesifik dengan CV. Hasil penelitian menunjukkan penambahan HF dapat menghilangkan  karbon 
silika dalam sekam padi. Unsur terbesar karbon aktif dengan iradiasi gelombang ultrasonik adalah 
Ca atau oksida CaO sebesar 46,43%, yang memiliki kristalinitas fasa  dengan pori-pori karbon 
yang relatif mesopori. Luas permukaan  sekam padi karbon aktif dengan iradiasi gelombang 
ultrasonik  dalam kondisi optimal pada suhu 30 °C selama 60  menit yaitu 184.348426 m2 / g. 
Nilai  kapasitas spesifik sekam padi penyimpan energi karbon aktif dengan dan tanpa iradiasi 
gelombang ultrasonik masing-masing adalah 1067,75 nF/g dan 622,17 nF / gram. 
 
Kata Kunci: Energi elektrokimia, karbon nanopori, sekam padi, penghilangan silika, aktivator 
H3PO4, iradiasi ultrasonik 
 
 
Abstract. The research on synthesis and characterization of carbon nanopores rice husk through 
ultrasonic irradiation by activators H3PO4 as electrochemical energy storage material has been 
made. This activated carbon is a basic material in making electrodes which will be developed into 
electrochemical energy storage material. Nanopores carbon is made from rice husks, which passes 
through three stages of the process and the development  methods of manufacturing of previous 
activated carbon. Carbonization carried out at a temperature of 350 oC, then add  the HF with the 
aim to remove silica from the carbon in order to increase its surface area, and chemical activation 
with H3PO4. Furthermore, the modified carbon through ultrasonic irradiation. Characterization of 
the surface of activated carbon is done through the analysis of XRD and XRF, characterization of 
functional groups by FTIR, surface area determination by the method of methylene blue, as well 
as the specific capacitance measurement with CV. The results showed the addition HF can remove 
carbon silica in rice husks. The element largest of the active carbon with ultrasonic wave 
irradiation is Ca or  oxide CaO by 46,43 %, which has a crystallinity of phase with relatively 
mesoporous carbon pores. The surface area of activated carbon rice husk with irradiation of 
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ultrasonic waves in optimum condition at a temperature of 30 ° C for 60 minutes which is 
184.348426 m2 / g. The value of the specific capacity of the activated carbon energy storage rice 
husks with and without irradiation of ultrasonic waves each is 1067,75 nF / g and 622,17 nF / 
gram. 
 
Keywords: Electrochemical energy, carbon nanopori, rice husk, removal silica, activators H3PO4, 
ultrasonic irradiation. 
 
 
INTRODUCTION 
Indonesia is one of the developing 
countries in the world, where the 
population continues to increase. This 
increase caused various impacts on aspects 
of human life. One aspect that is quite 
affected by the increase in population is the 
use of energy to support living needs which 
include the industrial sector, 
transportation, household, and so forth. 
This has led to various energy issues, 
ranging from new energy sources, 
alternative energy sources, to the 
development of energy storage. Mobile 
phones and laptops are an important part of 
people's lifestyles today where energy 
storage media are batteries. But with the 
variety of sophistication possessed by 
mobile phones and laptops that have 
sprung up, it has a weakness in the 
durability of the limited battery and the 
long charging time of the battery. 
One that can be considered to 
overcome this problem is to use 
electrochemical capacitors. Electronic 
capacitors as energy storage devices have 
been used extensively in the fields of 
electronics and transportation, such as 
digital telecommunication systems, 
computers, laser pulse systems, hybrid 
electrical vehicles and so on (Zhu et al., 
2007). 
Materials used to manufacture 
electrochemical capacitor electrodes 
include graphene, carbon nanotubes, 
carbon aerogels, porous carbon and carbon 
mineral composites (Hu et al., 2006; Zhu et 
al., 2007; Stoller et al., 2008; Simon and 
Burke, 2008; Izadi Nakafabadi et al., 
2011). However, the preparation process 
for these types of carbon requires 
expensive raw materials, non-renewable 
raw materials, and long preparation 
procedures that are time-consuming and 
costly (Wei et al., 2011). 
Biomass waste such as agricultural 
waste is a potential raw material for pore 
carbon preparation where biomass waste is 
easily obtained and the price is very cheap 
with good electrochemical capacity 
performance. One of the biomass wastes 
that has the potential as material for pore 
carbon is rice husk (Wei et al, 2011). 
In this study, activated carbon will be 
made from rice husk material through 
carbonization, then modified by removing 
silica contained in rice husk, then activated 
with H3PO4. Then compared with and 
without the influence of ultrasonic waves. 
The XRD, XRF, FTIR, CV and methylene 
blue methods were used to test the carbon 
characteristics of rice husks after 
activation.  
 
MATERIAL AND METHODS 
Materials 
The materials used in this study were 
rice husk waste, phosphoric acid (H3PO4), 
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fluoride acid (HF), methylene blue, 
aquades, aluminum foil, 0.1 M H2SO4, 
copper wire, platinum wire and and 
Whatman No. 42 filter paper. 
 
Tools 
The tools used in this study are 
teflon, furnace (Muffle type 6000 furnace), 
Oven (type SPNISOSFD), water bath, 
magnetic stirrer (fisher type 115), sieve 
size 50-100 mesh, analytic balance 
(Shimadzu AW220), IR (Shimadzu, IR 
Prestige21), XRD (Shimadzu, XRD 6000), 
XRF, porcelain saucer, plastic spray gourd, 
Ultrasonic Cleaner (Elmasonic S40H), 
Cyclic Voltammetry (CV), mortar, vacuum 
pump (Vacuum brand type ME4C), 
desiccator, porcelain mortal, laboratory 
glassware, and thermometer. . 
 
The Procedures 
1. Sample Preparation 
All tools and materials for the stage 
in making activated carbon are prepared 
and are certain to exist. Before starting 
research, the scales are examined for 
measurement. Then materials such as 
H3PO4, and aquades are sure to have 
sufficient quantity to make activator 
solutions and washing solutions. Rice husk 
originating from agricultural waste in 
Sidrap district was taken to the Hasanuddin 
University Faculty of MIPA Physics 
Laboratory. Then the rice husk is cleaned 
and then dried under the sun which will 
then be carbonized. 
 
2. Rice Husk Carbonization 
As much as 8 g of clean and dry rice 
husk are put in a porcelain cup and then 
heated in a kiln at 350 oC for 1 hour under 
running air conditions. This process will 
produce carbon / char from rice husk. After 
carbonization, the carbon produced is 
cooled and filtered to 100 mesh. 
 
3. Expenditure silica from rice husk  
Carbonized carbon is released silica 
to obtain silica-free carbon. The carbon 
powder is added to the Teflon container 
and fluoride acid (HF) is added until all 
carbon is submerged by HF. Then heated 
until the silica evaporates, the carbon is 
weighed until it has a fixed weight (Wei et 
al., 2011) 
 
4. Activation 
In this study, the activation process 
used is chemical activation, using an 
activating agent or activator in the form of 
H3PO4. The sample which has become 
charcoal is weighed 10 g then immersed in 
100 mL of the solution with the 
concentration of phosphoric acid activating 
material to be used is 3 M and then given a 
24 hour immersion time. After the sample 
has been soaked then filtered using 
Whatman 42 paper and dried in an oven at 
105 oC until the weight is constant. The 
activated carbon that has been produced is 
washed using Akuadest until the filtrate has 
a neutral pH, measured using universal pH 
paper. After washing, the activated carbon 
is then dried in an oven at a temperature of 
110 oC to a constant weight (Kurniawan et 
al. 2014). 
 
 
5. Characterization and Analysis of 
Rice Husk Nanopores Carbon  
Characterization of nanopore rice 
husk carbon was carried out by functional 
group analysis using FTIR, surface 
characteristics with XRD, XRF, and 
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determination of surface area by methylene 
blue method, and determining specific 
capacitance using CV  
 
6. Determination of Surface Ares by 
Methylene Blue Methods  
To determine the surface area of the 
carbon can be used methylene blue 
adsorption method. First, the maximum 
wavelength is determined. In determining 
the maximum wavelength, a standard 
solution of methylene blue 4 ppm was 
made as much as 10 mL, then measured the 
absorbance at a wavelength between 650-
670 nm using a UV-Vis 
spectrophotometer. The standard 
methylene blue curve is made based on the 
absorbance of various concentrations of 
methylene blue standard solutions 1, 2, 4, 
6, 8, and 16 ppm at maximum wavelengths. 
Carbon is tested to adsorb the methylene 
blue solution. The sample is made by 0.3 g 
of carbon stirred with methylene blue 300 
ppm (50 mL) for 60 minutes at room 
temperature using a magnetic stirrer. After 
stirring, the carbon is then separated from 
the filtrate. Methylene blue solution after 
adsorption then measured its absorbance 
by UV-Vis spectrophotometry to obtain 
carbon surface area values.  
 
7. Making Carbon Paste Electrode and 
Electrode Testing with CV  
Carbon paste electrodes are made by 
mixing paraffin and carbon with a ratio of 
1: 1 percentage of weight then the 
ingredients are mixed and stirred until 
homogeneous using a spatula on the watch 
glass which is heated on top of the hotplate 
at ± 50oC. After the mixture becomes 
homogeneous, then the electrode paste is 
inserted into the electrode body manually 
by being bottled while pressed so that it is 
solid and even and the carbon can enter the 
electrode body. The electrodes that have 
been made are then allowed to stand for 24 
hours. The carbon paste electrode was then 
measured for its electrochemical properties 
using Cyclic Voltametry. This 
measurement uses an Edaq potentiostat 
with three electrodes. Pt electrodes, and 
Ag/AgCl as reference electrodes and 
carbon paste electrodes as working 
electrodes. Scanning testing was carried 
out at a voltage of -500 mV to 500 mV with 
a scanrate of 100 mV/s, using 0.1 M H2SO4 
electrolyte solution.  
 
RESULTS AND DISCUSSION 
Rice Husk Carbonization 
The first stage in making activated 
carbon from rice husk begins with the 
carbonization process. The carbonization 
process is carried out to get charcoal from 
rice husks which will be used as raw 
material for making activated carbon. 
According to Sitorus (2009), burning rice 
husks to obtain carbon occurs at a 
temperature of 200-400oC carbon, the 
higher the temperature used for 
carbonating husks, the less the tendency of 
carbon. The carbonization stage of rice 
husk in this study was carried out at 350oC, 
if the temperature was too high the carbon 
would turn to ash. This carbonization 
process lasts for 1 hour and there is a lot of 
smoke. This happens because of the large 
amount of volatile substances contained in 
rice husks and evaporates during 
carbonization. The carbonization process 
ends when all rice husks turn into black 
carbon and the smoke coming out is gone. 
Carbonized carbon is shown in Figure 1.  
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Figure 1. Carbonization of Rice Husk 
 
After the carbonization process ends, 
the carbon of the rice husk produced is 
refined using a filter to the size of about 
100 mesh. Particle size will affect the 
surface area of activated carbon produced. 
Therefore, it is necessary to refine the 
process with the aim of obtaining uniform 
size of rice husk carbon.  
 
Expenditure silica from rice husk 
carbon  
According to Wei, et al. (2011), 
removing silica from rice husk carbon will 
provide an initial structure so that the 
carbon produced is purer. In this study, 
silica removal was carried out using 40% 
HF solution. According to Sun, et al 
(2001), Chen and Lena (2001), fluoride 
acid (HF) is a solvent that can dissolve 
silica. Silica removal is carried out by 
inserting carbonized carbon in a Teflon 
container and then adding excess HF then 
heating it over the hotplate at a temperature 
of 200oC until SiF4 evaporates. SiF4 
evaporation in the sample is indicated by 
the release of white smoke at the time of 
addition of HF. When the process of 
removing silica, the carbon sample will 
look white solid which shows that there is 
still silica in carbon, therefore the addition 
of HF continues until white solids are not 
seen in carbon samples and the emergence 
of white smoke is also gone and carbon 
weight is fixed. Here is the reaction 
(Svehla, G., 1985),: 
 
SiO2(s) + 6HF (aq)             H2SiF6(aq) + 2H2O (aq)                                   
H2SiF6(aq)                         SiF4(g) + 2HF (g)  
 
The principle of SiO2 concentration 
in the carbon samples of rice husk namely 
silica dissolved in HF, therefore the silica 
content can be determined gravimetrically, 
by comparing the weight difference before 
and after the addition of HF, 5 g of rice 
husk carbon produces 1.3 g of carbon or 
about 26% initial weight. The carbon 
produced then analyzed functional groups 
by FTIR, analyzed the surface compound 
content with XRF, and analyzed the 
surface area with the Methylene Blue 
Method.  
 
Analysis of Rice Husk Carbon Function 
Groups Before and After Silica 
Expenditures 
The FTIR spectrum before and after 
silica removal is shown in Figure 2. The 
spectrum shows several functional groups 
in the sample. In spectrum A and B, the 
main peak that is believed to be related to 
the functional group on silica is at wave 
number 3441.01 cm-1. This peak is a 
typical peak for stretching vibration of -OH 
group (hydroxyl group). Thus, in the 
carbon of rice husk used as a sample it is 
believed that there is a hydroxyl group, 
which shows Si-OH or silanol bonds (Lee 
et al., 2008; Lin et al., 2001), although the 
hydroxyl groups donated from hydrated 
water molecules cannot ignored (Daifullah 
et al., 2003). 
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Figure 2.  Carbon rice husk spectrum (A) before removing silica and (B) after removing 
silica by adding HF solvent  
In sample A, the second peak 
believed to show the silica functional group 
on rice husk carbon was peak at wave 
number 1095.5 cm-1, with a high enough 
intensity indicating the presence of Si-O-Si 
siloxane functional groups (Socrates, 1994 
and Daifullah et al. , 2003), while sample 
B is gone. The presence of the Si-O-Si 
function group in sample A is strengthened 
by the presence of a peak at the wave 
number 464.84 cm-1, which shows Si-O 
bonds (Lin et al., 2001 and Lee et al, 2008), 
and peaks at 798.5 cm -1 arising from the 
deformation of the Si-O bond on SiO4 (Lee 
et al, 2008). Other peaks in samples A and 
B with significant intensity were found in 
the 1600-cm cm-1 region (Lee et al., 2008), 
this peak shows a stretch vibration C = O 
from hemicellulose. In samples A and B 
there is also a phosphate group found in the 
500-cm cm-1 absorption area, the presence 
of phosphate groups in the sample can also 
be proved by the results of XRF analysis. 
From the analysis of the carbon functional 
groups of rice husk it is known that by 
removing silica with the addition of HF it 
will greatly influence the sample functional 
groups.  
 
Analysis of Rice Husk Carbon 
Compound Content Before and After 
Silica Expenditures 
Based on Table 1, it can be seen that the 
carbon of rice husk prior to the release of 
silica by the addition of HF contains the 
main components of silicon (Si) up to 
99.50%. According to Wen-Hwei (1986) in 
Jaya (2002), the content of the main oxide 
compound in the carbon of rice husk is 
silica (SiO2) with an amount of about 
86.90–97.30%. The most common value of 
silica content from husk ash is 94-96% and 
if the value is close to or below 90% it is 
likely caused by samples of husks that have 
been contaminated with other substances 
with low silica content (Houston, 1972). As 
for the addition of excessive HF, the SiO2 
content in the carbon sample is gone. And 
calcium oxide (CaO) compounds that did 
not exist before are the most abundant 
compounds. This is due to the addition of 
HF to carbon samples so that the 
compounds previously hidden in the 
carbon pore of rice husk come out so that 
they are read in XRF analysis, as is the case 
with compounds that emerge after the 
carbon has been released silica 
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Table 1. Content and Compound of Rice Husk Carbon Oxides Before and After 
Expenditures of Silica with Addition of HF. 
Compounds  Before removing 
silica (% b/b) 
After removing silica 
with HF 40% (%b/b) 
SiO2 99,50 - 
K2O 0,093 5,67 
CaO - 73,86 
P2O5 0,35 - 
MnO 0,0237 16,27 
TiO2 - 2,52 
ZnO - 0,66 
Rb2O - 0,411 
In2O3 - 0,057 
TeO2 - 0,077 
Sb2O3 - 0,079 
Nb2O5 0,0101 0,194 
MoO3 0,0072 0,057 
SnO2 - 0,068 
 
 
Analysis of Carbon Surface of Rice 
Husk Before and After the Removal of 
Silica 
Measurements of surface area with 
the Methylene Blue Method that has been 
done obtained carbon surface area data 
before the addition of HF and after the 
addition of HF are shown in Table 2. 
 
Table 2.  Carbon Surface Area Before and 
After Dispensing Silica with 
Addition of HF 
Sample 
Surface area 
(m2/g) 
Carbon before 
removing silica 182,625 
Carbon after 
removing silica 182,680 
Table 2 shows the carbon surface 
area of rice husks before silica removal is 
182.625 m2/g and after silica removal is 
182.680 m2/g. From this point it can be 
seen that by removing silica contained in 
the carbon of rice husk it will produce 
carbon rice husk with a larger surface area. 
Therefore, carbon is released from the 
carbon silica of rice husk with the addition 
of HF which is used for the next procedure, 
which is activation.  
 
Determination of Optimal Time and 
Temperature of Activation with and 
without Ultrasonic Wave Irradiation  
The optimum time for ultrasonic 
irradiation is 60 minutes with a surface area 
of 182.8 m2/g. High irradiation time does 
not necessarily produce better efficiency, 
this is because the longer irradiation time 
can cause damage to the particle structure 
of the sample. The optimum temperature 
for ultrasonic irradiation is at 30 oC with a 
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surface area of 184.27 m2/g. This surface 
area is higher than the surface area at 
optimum time irradiation. From these data 
it is known that the temperature is very 
influential on the ultrasonic irradiation 
process. 
 
Characterization of Rice Husk 
Activated Carbon 
Characterization of Rice Husk 
Activated Carbon Function Clusters 
The characterization of functional 
groups of activated carbon in rice husks 
was carried out by using FTIR instruments 
to compare functional groups formed on 
activated carbon of rice husks by 
irradiation of ultrasonic waves and 
activated carbon of rice husks without 
ultrasonic wave irradiation. The IR 
spectrum of the two samples is as follows: 
 
 
Figure 3.  FTIR spectrum of rice husk activated carbon with and without ultrasonic wave 
irradiation 
 
Based on infrared spectra of 
activated carbon treated with and without 
ultrasonic irradiation showed that the 
ultrasonic treatment greatly changed the 
structure of activated carbon which in the 
spectra given ultrasonic irradiation 
treatment decreased the intensity of the 
peaks that appeared and a shift in some 
wave numbers. In spectra without 
ultrasonic irradiation there is absorption 
band at wave number 3394.72 cm-1 which 
shows stretching vibration of -OH group, at 
wave number 2360.67 cm-1 and 2326.08 
cm-1 which appear due to vibration O=C=O 
of the CO2 from the air absorbed by the 
material. Cluster C = O appears at wave 
number 1714.72 cm-1. At other wave 
numbers absorption occurs at wave number 
1598.99 cm-1 which is a vibration of the 
range C=C of the aromatic group and at 
wave number 1234.44 cm-1 which is the 
vibration of the CH-OH group in alcohol.  
In the spectra of activated carbon 
with ultrasonic irradiation some peaks at 
the wave number are almost the same as the 
carbon irradiated ultrasonic but the 
intensity of the spectra for carbon with 
ultrasonic irradiation is lower, as in wave 
numbers 3441.01 cm-1 which is the -OH 
group, in numbers wave 2360.87 cm-1 and 
2328.65 cm-1 are absorption bands of group 
O=C=O of CO2 from air, group C = C in 
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aromatic absorption at wave number 
1610.5 cm-1 and CH-OH group from 
alcohol at number 1230.58 cm-1. 
 
 
 
 
Characterization of Rice Husk 
Activated Carbon Compounds 
The content of compounds in 
activated carbon was analyzed using XRF 
instruments so that the oxide compound 
content of irradiated activated carbon and 
activated carbon without ultrasonic wave 
irradiation was shown in Table 3 .
Table 3. Characterization of Oxide Compounds on the Carbon Surface with XRF 
Oxide 
compounds 
Activated carbon of 
rice husk without 
irradiation (%b/b) 
Activated carbon of 
rice husk with 
irradiation (%b/b) 
CaO  72,81 46,43 
MnO 14,68 - 
P2O5 10,59 39,06 
Cl - 6,39 
K2O - 5,83 
Nb2O5 0,70 0,83 
MoO3 0,46 0,62 
Sb2O3 0,229 0,287 
RuO4 - 0,220 
In2O3 0,248 0,204 
SnO2 0,281 0,149 
Ag2O - 0,0074 
 
 
Table 3 shows the difference in the 
content of oxide compounds from activated 
carbon in rice husks treated with and 
without ultrasonic irradiation, this can be 
seen from the difference in the percentage 
of the number of compounds. The carbon 
without irradiated ultrasonic has the main 
compound, CaO, which is equal to 72.81% 
while the activated carbon which is given 
ultrasonic irradiation is 46.43%. In 
addition, there are differences in the 
composition of different compounds from 
the two samples, on activated carbon with 
ultrasonic irradiation there are compounds 
that are not present in the activated carbon 
without ultrasonic irradiation and vice 
versa. Both of these differences occur 
because of the effect of cavitation which 
causes the formation and breakdown of 
bubbles due to ultrasonic irradiation 
treatment which makes the release of active 
compounds into solvents, and because of 
the cavitation effect which results in the 
breakdown of bubbles so that compounds 
that were in the sample surfaced.  
 
Characterization of Rice Husk 
Activated Carbon Phase 
Phase characterization formed from 
activated rice from rice husk with and 
without ultrasonic irradiation was carried 
out by X-Ray Difraction (XRD). Active 
carbon sample in the form of powder. 
Observation of X-ray diffraction is carried 
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out at an angle of 2θ = 10o-80o with λ Cu-
ka 1,540600 (Å). 
Comparison of the XRD results 
between the activated carbon of rice husks 
and ultrasonic irradiation with activated 
carbon of rice husks without ultrasonic 
irradiation can be seen in Figure 4. 
 
 
 
Figure 4. The diffraction pattern of rice husk activated and without ultrasonic wave 
irradiation 
 
Figure 4 shows that the peak position 
of the activated carbon that appears almost 
the same, around 2θ = 20o-33o which 
shows the diffraction pattern of activated 
carbon which does not show a sharp peak, 
the peak provides information that the 
activated carbon is not crystalline, but is 
amorphous. According to Nasrullah 
(2014), samples derived from organic or 
natural ingredients usually have the 
structure of amorphous solids, and 
activated carbon in rice husks is also a 
natural ingredient. However, in other 2θ 
regions, several sharp peaks appeared 
which showed the presence of crystals in 
the material so that the activated carbon of 
rice husks without and with ultrasonic 
irradiation in the form of crystals and 
amorphous. But in the other 2 regions, 
sharp peaks appear that show the presence 
of crystals in the material, so that the 
activated carbon of rice husks by ultrasonic 
irradiation in crystalline and amorphous 
forms. 
 
Characterization of Active Carbon 
Surface Area of Rice Husk 
Carbon rice husk that has been 
activated through treatment with and 
without ultrasonic irradiation is then re-
analyzed its surface area using the 
Methylene Blue Method. The results of the 
analysis are shown in Table 4. 
 
 
 
 
 
 
Activated carbon with ultrasonic Irradiation 
Activated carbon without ultrasonic Irradiation 
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Table 4. Active Carbon Surface Area of 
Rice Husk with and without 
Ultrasonic Wave Irradiation 
Sample Surface 
area (m2/g) 
Activated carbon rice 
husk (irradiation) 
184,34 
Activated carbon rice 
husk (without irradiation) 
182,85 
 
Table 4 shows the surface area 
produced from the methylene blue test The 
value of the surface area of rice husk 
activated carbon with greater irradiation is 
184.34 m2/g rather than the activated 
carbon of rice husk without irradiation 
which is 182.85 m2/g, although the 
difference is not too significant that is only 
1.4959 m2/g. This insignificant change is 
because the activation method used is not 
in accordance with the temperature 
conditions of the activator used, so the 
change in surface area produced is not 
optimal. According to Ip et al (2008), 
H3PO4 activators are in the activation 
temperature range of 600 and 900oC 
without the presence of oxygen. If the 
activation temperature is not used at this 
temperature, then the activator cannot react 
optimally with carbon during the activation 
process to form pores. Therefore, it is 
recommended for previous studies to use 
activators. However, the difference in 
results, although not significantly different, 
proves that the provision of ultrasonic 
wave irradiation treatment affects the 
surface area of activated carbon. 
 
Characterization of Rice Husk 
Activated Carbon Storage Capacitance 
The electrodes that have been made 
are shown in Figure 5. 
 
Figure 5.  Rice husk activated carbon 
electrode 
 
The carbon paste electrode was 
then measured for its electrochemical 
properties using Cyclic Voltametry. Figure 
6 is the potential (mv) and current (nA) 
curve of the activated carbon electrode 
with and without ultrasonic irradiation. 
 
 
(a) 
 
(b) 
Figure 6. Graph of the relationship of 
current and voltage of 
electrode of rice husk activated 
carbon (a) with ultrasonic 
irradiation, (b) without 
ultrasonic irradiation. 
 
Table 5 shows the specific 
capacitance value of the rice husk carbon 
electrode with larger ultrasonic wave 
irradiation, which is 1067.75 nF/gram 
because the carbon surface area given 
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ultrasonic irradiation treatment is greater 
due to the number of pores formed by the 
cavitation effect of ultrasonic irradiation. 
According to Wydiantoro and Susanti 
(2013), a high active surface area will 
result in a greater possibility of transfer of 
charge on the carbon surface. However, the 
capacitance value of the resulting carbon 
electrode is not too optimal when 
compared to previous studies. This is 
because when testing with a potentiostat no 
low to high scanrate variation is given. 
According to Narendra and Susanti (2012), 
at the same temperature, the smaller the 
scanrate the greater the value of 
capacitance. This happens because the low 
scanrate protons and electrons have enough 
time to insert in areas that are difficult to 
reach. If the stored and given charge gets 
bigger, the capacitance value gets bigger. 
 
Table 5. Specific Capacitance Value of 
Active Carbon Rice Husk with 
and without Ultrasonic Wave 
Irradiation 
Sample  
Storage capacitance 
value 
Carbon with 
irradiation  
1067,75 nF/gram 
Carbon without 
irradiation 
622,17  nF/gram 
 
 
CONCLUSION 
  The conclusions obtained from the 
results of this study are as follows. 
Addition of HF can remove silica in the 
carbon of rice husk. The intensity of the 
activated carbon functional group with 
ultrasonic wave irradiation increases, such 
as the -OH function group, aliphatic C-H 
(from CH3 and CH2), C = O (carbonyl) 
bonds, C-C and C = C bonds, and phenol 
(C-O) bonds. The largest element content 
of activated carbon with ultrasonic wave 
irradiation is Ca or oxide CaO of 46.43%, 
which has a crystallinity phase with carbon 
pores belonging to the mesopore. The 
surface area of rice husk activated carbon 
with and without ultrasonic wave 
irradiation at optimum conditions at a 
temperature of 30oC for 60 minutes is 
184,388 m2/g and 182,852 m2/g. The value 
of the specific capacity of energy storage of 
rice husk activated carbon with and without 
ultrasonic wave irradiation is 1067.75 nF/g 
and 622.17 nF/g, respectively. 
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